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smoPs1s. 

From an analysis of one year's records of the Air Mail Servire between 
Kew York and San Francisco it has been found that a t  the average 
altitude of flight, about 1,500 feet above the ground, allowance must 
be made for a wind of 7 miles per hour from the west. In other words 
westward flights will, on the avera e, be made a t  a speed of 14 miles 
per hour less than will eastward flig%ts. A more detailed study of the 
New York to Chicago part of the route gives almost exactly the sanie 
wind factor as for the entire transcontinental route. This value of the 
wind factor has been verified by an examination of 9,367 free-dr 
observations with .kites and pilot balloons, and the agreement is remark- 
ably close. The importance of this agreement lies in the fact that, in 
firing fli h t  schedules in other re ions or a t  other altitudes, dependewe 
can be pfaced upon either metho3 in case only one is available 

From a further study of the data, schedules that can be guaranteed 
90 per cent of the time have been determined for aircraft of any cruising 
speed between 50 and 150 miles per hour. In making up these sched- 
ules allowance has been made for head winds of 3ti miles per hour or 
more in westward flight and 30 miles per hour or more in eastward 
flight, these being the wind speeds that are shown by kite and ba!loon 
records to occur 5 per cent of the time. When they do occur, the flights 
will be somewhat delayed, but nevertheless completed. During the 
remaining 5 per cent 01 the time fights are likely to f a i l  altogether or 
be seriously delayed because of exceptionally unfavorable weather, 
such as severe rain or snow storms, poor visibility, etc. 

Finally, a eneral wind curve has been prepared by means of which 
various schefules baaed on other percentage performances, rester or 
leaa than 90 er cent and for different lengths of routes, may%e deter- 
mined. W i g  the normal and high cruising speeds known quantities, 
allowance is made for an adverse wind such that the flight can be made 
in any desired time. The percentage frequency of this adverse wind 
is then read from the curve and thus is deterxruned the percentage of 
the time that the desired schedule can be guaranteed. 

INTRODUCTION. 

The Air Mail Service needs no advertising. I ts  record 
speaks for itself. Nevertheless, a brief stntenient, by 
wa of introduction to this paper, is of interest and thcre 

ments of this Administration," recently distributed in 
mimeographed form by the National Advisory Committee 
for Aeronautics: 

The Air Mail Service is limited by law to one transcontinental route 
from New York to San Francisco. This route is 3,680 miles in length, 
making a round trip of 5,360 miles. This round trip is covered each 
day, except Sundavs and holidays. This necessitates an annual flying 
schedule of approxhately 1,600,WO miles. 

The Air Ma11 Service a t  present consists of a relay advance of mail 
from New York across the continent, and vice versa. That is to say, 
no particular mail is taken for a complete trip across the continent. 
Certain mail which misses the late nqh t  trains out of New York is 
advanced into Cleveland. Other mail which ordinarily would go into 
Chica o on a train too late for delivery in  the afternoon, is taken from 
CleveLnd into Chicago. This process is repeated in relays across the 
continent, with the net result that approximately E,WO pounds of 
first-claea letter mail is advanced each day, a matter of some 3 or 4 hours. 

fol T ow, therefore, a few escerpts from " Pustal Accomphsh- 

I t  should be noted that this 3 or 4 hour advance may in certain instances 
mean a real advance of 15 to 18 hours, inasmuch aa it ma mean the 
deliverv of the mail to consignee late in the evening, whici 9 h t  not 
o thedse  have been delivered until the following morning. * * 

From July 16. 1931, until September 7 1932, Air-Mail ilotaflew 
approximatelv 3,000.000 miles without a &tal accident. &ring the 
tiscal year ending June 30, 1933, an efliciency of 94.39 was maintained. 
This means that out-of every 100 trips scheduled, 94.39 were finished 
on schedule time. Our record8 show that two-thirds of the trip were 
made in clear weather; one-third were made in foggy, cloudy or stormy 
weather. 

September 16 marked the completion of 10 consecutive weeks of 
flyinq the entire transcontinental route with 100 per cent efficiency: 
that is to my, during these weeks each of the scheduled trips was started 
and finished esactly on schedule time. The daily route includes the 
croasing of three mountain ranges, the Alleghenies, the Rockies and 
the Sierras. * * * 

The position of the Post Office Department in the matter of the Air 
Mail Service is that such information as it is able to develop and such 
esperiments as it is able to follow through to a conclusion are for the 
bencfit of the country at large, and i f  in this work it is possible to add 
impetus to the rompt advancement of aeronautics, a notable achieve- 
ment will have%een accomplished for the @ of the Nation. 

Other parts of this report discuss briefly the types of 
lanes and motors used and plans for undertakin ni h t  

iying, with t i  view to maintaining continuous sc %b: e ule 
and cutting down the time of the entire trip to about 30 
hours. In t,he present paper we are dealing, not with 
plans, but with accoinplismients, and it can be said, with- 
out my esaggeration, that the accom lishnents of the 
Air Mail constitute one of the outstan cp uig developments 
of the past 2 or 3 years und prove conclusively the practi- 
cability of commercial aviation and the wisdom of pro- 
moting it with d l  possible energy and s eed. Hap ily, 

and there is thus avnilu % le a large amount of information 
for use in discussing intelligently the various factors that 
must be considered in laying out routes, determining 
schedules, figuring costs, etc. Admittedly, the wind is 
one of the most important of these factors, aud all avail- 
able data should be used in evduatin it. Such is the 

urpose of this paper. The records of tgedirhlail Service 
Enve been used and there have been included some of the 
results of free-air investigations by means of kites and 
balloons. 

complete records of fli lit performance P iave been &pt 

THE FLIGHTS : THEIR NUMBER AND DISTRIBUTION. 

The Air Mail records used in this study are those for the 
period June 1, 1921, to May 31, 1988, inclusive. These 
give the actual fl ing tinie for the S sections into which 
the entire route i as been divided. These sections and 

1 Paper presented at Washington, D. C., before the American Meteorological Society on April 16, lE3, and the American Geophysical Union, Section (c) Meteorology, on AprU 
18,1923. 
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their lengths in miles are shown in Figure 1 and are as 
follows : 

MiiQS. 
New York to Cleveland. ........................ 435 
Cleveland to Chicago.. .......................... 335 
Chicago to Omaha ............................... 425 
Omaha to Cheyenne ............................. 4G0 
Chevenne to Rock Springs ........................ 240 
Rod< Springs to Salt Lake ........................ 155 
'Salt Lake to Reno. ............................. 440 
Reno to San Francisco. -. . -. -. -. . -. -. - - - 190 

Total ..................................... 2,680 

As stated in the brief report of the Air Mail Service, 
quoted in part a t  the begiiiniw of this paper? no fli hts 

to be considered 306 iiisteud of 365 days. The actual 
number of days on which flights were conipleted nlqnv 
the various sections of the route is given in Table 1, wh& 
also contains the average number and the percentage of 
possible for the entire course. In this and following 
tables the months are given in regular calendar order, 
but it is to be understood that January to May refer to 
1933, and June to December refer to 1931. 

TABLE l.-Fl@hts made by Air Moil Seri4w along difltwnt s e c t h a s  
of the transmttinnental rot& dtiring the period Jum, 1921, to May, 
1922, inclusive. 

were attempted on Sundays or golidays. There are t 9 ius 

1 Number of days available, excluding Sundays and holidays. 

New York-Cleveland ..... .I 
Cleveland-Chicago ......... 
Chlrago-Omaha ............ 
Omaha-cheyenne.. ........ 
Che unsRockSprin RJS rings-sat LE:: 
Salt h1e-Reno ............ 
Reno-San Francisco. ...... 

A\-@ ............. 
Percentage of possible ...... 274 

89.5 
. . . . . . . . . . . . .  

Number of tlights--Eastbound. I 
San F r a m b R e n o .  ...... 
Reno-Salt Lake ............ 
Salt Lake-Rock Sprin gs.... 
Rock SprinpCheyenne .... 
Chevenne-Omaha.. ........ 
O-GiG-Chlea 0 ............ 
Chim o-clevefand.. .... .-.I 
Cle-idand-New York ...... 

An examination of the figures iii this table brings out 
quite strikingly the following points: 

(1) The number of flights each way, east and west, is 
ap roximatelg the same. Not only is this true for the 
di B erent sections, but also for the individual months. 
There were a few esceptions but in general a failure to 
make a flight in any particular section ap lied to both 
directions on the same day. In  other worxs, conditions 
that were unfavorable for flying were altogether unfavor-. 
able for it, regardless of direction. Among such condi- 
tions we may include rain and snowstorms, deep snow 

on the ground, fog, thunderstorms and escessively high 
winds. The last item, high winds, appears to have less 
importance than the others, so fa r  as complete interrup- 
tion of flight is concerned. Head winds do of course 
affect schedule erformance-a phase of the subject that 
will be discusse f later-but, unless their speed approaches 
closely, or esceeds, half that of the aircraft itself, they 
result only in delay, not in cancellation. 

(2) In  the present stage of development the summer 
half of the year is markedly superior to the winter half. 
From -4pril to October the percentage of possible flights 
made is generally above 90, the average being about 95; 
in March it is ody  slightly less than 90; but from Novem- 
ber to February it fdls very nearly to 50. 
we see the influence of unfavorable weather, such as ogs, 
rain or snow, oor visibility, etc., or bad condition of 
landing fields, a ue to rain or snow. Esperieiice and im- 
provement in facilities will at least partially overcome 
these conditions, but at  present they constitute a real 
handicap for which proper allowance must be made. 

Here yain 

- 

FIG. 1. Air Mail route between New York and San Francisco. 

(3) For the year as B whole, there is little difference 
tmiong the vaiious sections of the route, with the one 
esception of that between Reno and San Francisco. 
Presumably this marked exception is due to other influ- 
ences than that of weather, ossibly to ograph , and 

ering the other sektions, we find articularly satisfactory 

where more than 90 per cent of the scheduled trips were 
macle; the percentu e between New York and Cleveland 

For the entire route the vdue is just above 90; if the sec- 
tion between Reno and San Francisco is disregarded, this 
value is about 92. 

little attention need therefore g e given it%ere. 8onsid- 

the portion of the route between P leveland and Salt Lake 

and between Salt E ake and Reno is very close to 90. 

THE FLIGHTS: THEIR AVERAGE SPEED. 

The records furnished by the Air Mail Service give 
the actual time in which each fiivht wits made. The 
data have been tabulated by montgs for each section of 
the course, averages have been determined and these 
averages have been converted into speeds in miles per 
hour, thus reducing all values to a uniforin basis, inde- 

endent of the length of the various sections. The num- 
ger of flights used is sli htly less than shown in Table 1, 

in which flights were made in both directions. 
since it has been deeme I f  wise to consider only those cases 

mary purpose of this study is to determine the 
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84.8 
55.7 
86.2 
87.5 
70.4 
08.6 
91 9 
0010 

tor as closely as possible, and this purpose would be de- 
feated to some estent if days were included in which a 
flight was made in one direction and not in the other. 
However, this procedure resulted in a very sniall differ- 
ence, amounting only to an average of Y di hts for each 

Chicqo ortion of the course. The average speeds are 
given in table  3, which also contains separate means for 
the comparatively level part of the course, New York to 
Cheyenne, and for the mountainous part, Cheyenne to 
San Francisco, and finally for all sections combined. 

TABLE 2.--dverage s p e d ,  in. p .  h., along Air Xail roicte. 

section for the entire year, and to 3 for the a ew York to 

90.4 ! 57.3 93.8 1 . 2  
83.6 87.0 90.1 1 . 6  
93.2 95.5 90.0 8.5 
91.3 M.1 89.3 83.6 
76.7 77.4 78.7 81.4 
77.9 S5.0 ,%.6 75.6 
92 4 a5.2 91.s 87.3 
90:s 195.4 97.4 82.6 

jp Sections. 

Salt Lakdieno.. ........... 
Reno-San Francisco. -. . _. .__ 
New York-Che enne ......... 
CheyennbSan $ranc,sco ..... 
New York-San Francisco.. -. 

I- 

%. 2 
100.5 

87.0 
S3.6 
88.8 

- 

- 

- 
98.0 1102.1 91.3 
99.8 104.5 1M.S 
w.5 98.6 90.9 

113.7 105.1 95.0 
106.0 99.9 89.0 
101.8 94.0 92.0 
101.2 97.3 91.2 
109.0 104.0 93.4 ---- 
1104.6 101.6 
103.4 

----- 
86.1 91.3 91.1 91.3 1 . 3  
82.9 1 S5.6 I S9.1 159.7 183.1 
84.8 89.0 90.3 90.7 88.2 

198.8 103.3 191.3 90.0 
100.4 93.0 

Sen Francisco-Reno.. ...... 93.1 91.3 106.; 
Reno-Salt Lake.. ........... 100.7 102.8 105.. 
Salt Lake-Rock Springs.. -. . 102.6 9% 7 103.: 
Rock SpriupCheyenne.. ... 115.4 115. I 106. i 
CheyenneOmaha. ......... .106.2 108.2 99.I 
Omaha-Chica o ............. 102 . 2  104.9 W.! 

Clevelaud-New York. ....... 1W 8 112. 4 105.1 

San FmnclseoCheyenue _._. - 102.5 102.4 105.: 
CheyenneNew York ........ IN. 5 106.6 98.. 
San Francisco-New York.. .. 104.3 105.0 101. I 

Chicago-Clevefand ........... 104.7 102.4 93, I 

--- 

. - ._ -- -_ 
I I .  

Reno-Salt Lake ................... 
8slt Lake*Rock Springs .._._. . _ _  _ _  
Rock Springs-Cheyenne ........... 
CheyennbOmaha ................. 

lev snd ................ omaha-chlcs. ................... 
:Ex? d-New York. ............ 

New YorkCleveland.. ........... 85.1 ' M. 1 
Cleveland4hhgo ................ y2.3 S7.7 
Chicago-Omaha ................... 61.6 Si.4 
OmahsCheyenne ................. 85.2 815.3 
Cne enneR0c.k Springs ........... 72.9 62.3 

Reno-San Frnndsco .............. 1.0 86.4 

Roc% S rings-Salt L&e ........... S5.6 76.0 
S d t  d k e n o  ................... 90.5 SS.O 

-- 

99.1 
105.4 
104.3 
100.4 
98.4 

103.7 
103.8 

New York-Cheyue, -..I.. __. . __. 
Cheyenne-Snn rmuco ......... 
New York-San Francisco.. 

loa. 9 
96.23 

loa. 1 
97.5 

107.4 
99.7 

102.5 

-- 
S m  FrancismChevennc.. ........ 100.4 

San Fran-New York.. ....... 101.0 
CheyennbNew Ydrk .............. 101.4 r 

Eastbound. 

- 
SI. 5 
M. 4 
82.0 
S O  e. 2 
77.5 
E. 4 
1 . 6  

84. 7 
Si 1 
85.3 

- 

_. 

87.0 
&I. 6 
SI. 6 

70.9 
81.1 
93.2 
84.1 

55.0 
55.3 
85. 2 

$7. n 

- 

11 I ,- 
Westbound. 

-9--' 

s . 7  I 9 1  2 86.0 'Gi 
82.3 li 8R:l I %L:5 181.6 
84.4 900  6 5 6  83.6 

. I  I I 

Estbound. 

- 
%. 1 
SI. I s. 7 
€Jj. 3 
6Y. 8 
7s. 7 
1.9 s... . 
84.9 
81. Y 
63.7 

- 

- 
09.0 

105.3 
105.4 
105.1 
92.9 

loo. 5 
97.4 

101.4 

104.7 
Y7.9 

loo. 4 

- 

..... 

- 
3 z 
4 

86.3 s7.1 
8 3 9  11 84.6 
55:3 I: 86.1 

I/ 

loL2 302.2 i 101.4 I 99.7 1106. G 1' 98.8 
101.3 104.2 1 1 . 8  

Deferring for the present a detailed discussion of the 
figures in this table, we note that the average annual 
speed over all sections was 86 miles per hour for the west- 

ward trip and 100 for the eastward trip. These values 
indicate that the normal cruising speed of the lanes was 
93 ni. p. h. and that the wind factor aniounte t; to about 
7 m. p. h. As a check on this latter value it is possible 
to use the results of free-air investigations that have been 
conducted witoli kites and pilot balloons. Let us first, 
however, discuss briefly the term " cruising speed " and 
determine, so far as ossible, the altitude at which the 
flights were made. &fortunately, these are subject to 
inore or less uncertainty, as the following considerations 
will show: 

1. Cruisinu speed : 
(a) \%th a high " head " wind pilots open the motor 

throttle, the result being a higher than 
nornial airspeed. 

( b )  Conversely, with a "tail" wind pilots ease up 
on the motor, and there results a lower than 
nornial airspeed. 

(c) The effect of (a) and ( b )  is to give an apparent 
wind soniewhat less than the actual wind in 
both cases. 

(a) In cold weather and against head winds; also, 
when there tire low clouds or fog, pilots fly 
:is low as possible, anywhere between 100 
and 1,500 feet, probably less than 1,000 feet 
as a rule. 

(b)  In  warin weather, 
especially if there 
done a t  a much higher 
between 1,000 and 
higher still. 

(e) As a working basis we can assunie 1,500 feet as 
the altitude of fli ht, a value which is be- 

With both cruising speed and altitude un%nown 
viiriables we can not fks accurately the actual wind. 
Nevertheless, it is to be noted that (a) and (b) under (11, 
and (a) and (b )  under (3) are to some estent compensa- 
tory. That is to say, whereas flights in head winds are 
:it a lower altitude than the avera e of 1,500 feet and 

nc,tuul wind at that level, yet on the otlux hand flights 
in tail winds are mnde at  R higher altitude than the 
avernge with the result that the tipparent wind speed is 
greater than the actual. Again, it should be borne in 
inind that many of the fliuhts both east and west are 
made in easterly winds an$ that the statements in (la) 
and (13) apply to these as well tis to westerly winds. 
Finally, in many cases no doubt, the motors failed to 
develop full power, even against high winds. It is thus 
seen that sonie of the elements of uncertainty offset one 
another, at  least to a considerable estent. Assuming 
then that tlie average altitude of flight was 1,500 feet, 
that the average wind speed was 7 in. 11. p., nnd that the 
norinul cruising speed was 93 111. h., we shall now ex- 
a.niine the results of free-air wind otservations to provide, 
if possible, a check on these values. 

2 .  Altitude: 

lieved to be not B ar from the avera e. 

therefore yield apparent winds of f ess, speed than the 

COMPARISON WITH FREE-AIR WIND OBSERVATIONS. 

The data used in this comparison are those that have 
been obtained by means of kites arid pilot bnlloons. By 
wziy of preface it may be reniarkecl that neither method 
is entirely satisfactory. Balloons can be used only in 
clear weather, or at  any rate only in the clear space be- 
neath cloud layers; the can not be used when rain or 
snow is falliiig; since t iey T travel with the wind, they 
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quickly disappear in a horizontal direction when winds 
are exceptionally-strong. Kites, on the other hand, will 
not %y m very hght winds, but are the means of pro- 
curing good records in cloudy weather and in fair1 
strong winds. The two methods thus supplement ea.c 
other tolerably well, though not perfect1 since neither 

pro ' " g  able that an average of the results provides a close 
approximation to the true value, and this course has been 
pursued. 

Unfortunately, free-air observations have not been 
made along all portions of the course, but the eastern 
part of the country has been fairly well covered. The 
records chosen for the present stud were obtained by 

and by means of pilot balloons at  2 groups of stations, 
hereinafter to be referred to as Group 1 and Group 2, 
the first one comprisina Burlington, Vt., Ithaca, N. Y., 
Lansin , Uch., and Maaison, Wis.; and the second, Mc- 

West Point, Ky., and Wright Field, All of these 
stations are fairly close to tlie Air Mail route. The 
individual observations have been added vec torially and 
the results are presented in Table 3. 

TABLE 3.-Resultant winds, m. p .  h. ut 1,500 feet above surface. 

h 
racticable during rain or snow. H owever, it  is 

means of kites a t  Drexel, Nebr., and H oyal Center, Ind.; 

Cook P ield, Ohio, Park Field, Tenn., Royal Center, Ind., 

Stations. 

Drexel Nebr ._._...._..___..___._._ Kites ______.____.__ 
Group 1. _......_. _..__.._... __._ __. Bnlloons.. . . . __. _ _  
Group 2 ........ _...._ _.__..._..__.. .... do __..._. ___. . . 
Royal kenter, Ind.. . . -. . - - .. -. . - -. . .-... do. __. . . . . . . . . . 

- I- - 

The rather lar e difference between the resultant 

be due to the greater frequency of winds from direct.ions 
between south and west at the latter. At Dresel winds 
are about equally frequent from the northwest and south- 
west quadrants. The values in Table 3 have been 
resolved into south and west coin onent,s, and t,he mean 
resultant wind is found to be S 70 W 7.7. The average 
bearin of the course from New York to San Franci, cco 1s 
S 86' b. The difference between this and the resultant 
wind, S 70' W, viz. 16O, is the angle to be considered in 
determining wind effect. In  order to keep on its course, 
the airplane must necessarily inake a small angle with 
that course to offset t,he wind when the latter is neit,her 
a straight head wind nor a straight tail wind. This 
angle will de end upon the directmion of the wind and 
upon its speei relative to that of the plane. I t  is easily 
determined froin tlie equat,ion, 

wind at Dresel an % that at  the other stations appears to 

! 

in which p= the angle between the plane and the course; 
a= the angle between the ? ind  and the course; 

and 
In the present case sin /3=-.- sin 16' = .022S. 

Sa = cruising speed of the airplane ; 
S,= the speed of the wind. 

7.7 
93 

/3= 1' 

The length of the record varies somewhat for the different stations, but on the average 
k 8bOUt 3 WrS. 

MARCH, 1923 

The resultant, or ground, speed, S,, of the airpIane will 
then be 

LTHER REVIEW. 

s, = sa cos p f s, cos o! 
= 93 COS 1' f 7.7 COS 16' 
-93f7.4 
= 100.4 or S5.6 

These results agree very satisfactorily with the values 
determined from the actual record of flights, viz., 99.8 
and S6.1, respectively, and indicate that we are entirely 
justified in accepting 7 niiles er hour as the effective 

further that the average effect on any flight schedule may 
be closely predicted froin the resultant wind and the 
normal cruising speed, even though the cruising speed 
and altitude are to some extent varied. If these are 
known more definitely, then the resultant winds determine 
still more precisely what allowance should be made, a 
niatter of considerable significance in commercial avi- 
ation enterprises and one emphasing the importance of 
extending free-air investigations to all parts of the 
country as speedily as possible. 

wind factor in the Air Mai f flights. They indicate 

VAIUATIONS FROM TIIE AVEL4QE. 

A knowledge of average erfomance is important, 
but i t  is not sufficient for t i! e urposes of commercial 
aviat,ion. It is essential also to ?<now tlie 
flights that are clela ed and to fis 
t,he percentage of de[& will not esceed certain limiting 
values. For example, if R contractor wishes to guarantee 
mrival within schedule liniits 95 er cent of the time, 
he niust know tlie speed of which &s planes are capable 
nnd he niust know the mind velocity which at  the selected 
flying level, is not exceeded more than 5 per cent of the 
time. With these data, and such allowmce for service 
sto s, etc., as is necessary, he can determine a working 

detail the Air Mail records and the kite and balloon 
data, with a vicw to determining what percenta e of 
trips are likely to be delayed with various time sche d ules: 
s ecial attention will then be given to that portion of 
t i e  route between New York and Chicago; and finally 
the results of the study will be applied to aircraft of 
various speeds between 50 and 150 m. p. h. 

The normal cruising speed of an airplane probabl 
averages from so to 90 per cent of its maximum speed: 
The latter is rnrely used, but it constitutes a valuable 
reserve in case of high head winds or unespected delays 
in starting, etc. In  all probability, however, a speed 
close1 npprowhing this maximum is frequently resorted 
t,o. This we shall call the plane's "high cruising speed." 
We shall also assume Lhat the ratio between this and the 
normal cruising speed is 1 to 0.S5. 

flig E t schedule. We shall now esamine in greater 

, 

Let S = high cruising speed, 
0.85s =normal cruising speed, 

R =resultant wind, or wind factor, 
and S, = plane's resultant or " ground" speed. 

We have already found that, for the Air Mail, O.S5S= 
93. Then S= 110, a speed which we assume can be 
resorted to in case of high head winds. We have found 
dso that R = 7 ,  and S,, for westward flights, =S6, and 
for eastward, 100. 
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................................... Pan Francisco-Reno 224 133 
Reno-Salt Lake ........................................ M 94 

DELAYS I N  WESTWARD FLIQHTS. 

As ahead stated, Sr=86 for these flights. The 

?l 
following ta i le shows the ercentage of flights that 
were made at a lower speed t an this. 

TABLE 4.-Pcrcmtage of jKghts westa~ard at less than 86 m. p .  A .  
59 
36 

SeCtionS. 1 Total. 

New Ymk-Cleveland ................................... 
Clevehnd-Chicago ...................................... 
Chicsl(o-Omaha ........................................ 

.Omah.he.enne ...................................... 
Cheyenn+Rcck Springs.. .............................. 
Rack 8 rings-Salt Lake ................................ 
salt L A  +Reno ........................................ 
Reno-San Frandsco .................................... 

Total ........................................ ...._, 

2s7 
gs 
277 
287 
274 w 
2 4  

2.140 

Delays. 

Delays. 

43 
63 
53 
.u\ 
155 
11s 
12 
23 

111 
130 
1 29 
113 
“ 0  
1 ss 
47 
74 

l .W -- 

-.- 

p e g +  
-- 

18 
23 
19 
13 
55 
42 
4 

10 

23 
-- 

Pcrcent- 
we. 

Nav York-Cleveland. .................................. 
Cirvehnd-Chicago ...................................... 
ChicnKo-Omaha ........................................ 
Omalia-Cheyonnc ...................................... 
Rock S rings-Salt Lake ................................ 
Salt L&-Reno. ....................................... 
Rmo-San Francisco .................................... 

Chsyenn*Rock Springs.. ..................... .........I 

42 
45 
46 
41 
79 
69 
1s 
33 
47 

~ 

rn 
3 7  
278 
277 
267 
274 
2M 
224 

An inspection of t-hese‘figures (see also Table 2 in this 
connection) shows that there is little variation along the 
different portions of the course from New Tork to 

ever, to justify a positive statement on this point. 
A more detailed inspection of the original data, of 

which Table 4 merely gives a summary, indicates that at 
$1 points along the course there is a decided seasonal 
vanation. The ercent e of delays by seasons for all 

autumn, 55; winter, 48. 
At first thought we would espect this variation to mani- 

fest itself as a small percentage of dela in summer and 

the minimum is found in spring, the maximum in autumn, 
and the summer and winter values are nearly identical. 
It is certain that tho west component in the winds is much 
greater in winter than in summer; and the only plausiblc 
ax lanation for the unexpected results above given seems 
to % e that, in flying against head winds in winter, pilots 
open the motor throttle to the “high” instead of the 
“normal” cruising speed. Moreover, as indicated earlier, 
pilots fly at a lower altitude in winter than in summer, 
and this tends to offset the difference in wind effects of 
the two seasons. In spring, because of the prevalence 
of cloudy weather, the flying is still done at  a low altitude, 
and thus fewer delays occur than in summer because of 
the difference in altitude or than in winter because of the 
decreased wind speeds at  about the same altitudes. In  
autumn the reverse is true in each case, because of the 
greater altitude followed on account of the relatively 
clear weather. 

sections combine i;. is as fo 7 lows: Spring, 35; summer, 51; 

a large one in winter, but such is not t 7 ie case. Instead, 

DELAYS I N  EASTWARD FLIQEI”. 

In this case S, = 93 + 7 = 100. Table 5 shows the er- 
centage of fights that were made at a lower speed than t %. is. 

TABLE 5.-Pmntage ofjighta eaetzuard at le88 t;hcm 100 na. p .  h. 

Sections. / / I  Total. D a y s .  

The average percentage of delays for all parts of the 
course is 49, practically the same as for the westward 
flights, the resultant wind being nllowed for in each case. 

When examined in detail, the origind records show a 
marked seasonal variation as follows: Spring, 44; sum- 
mer, 73; autumn, 39; winter, 35. 

This variation ac.cords with what one would expect 
and is easily esplained: In suninier all winds are pre- 
vailingly light and therefore material assistance from 
westerly winds is not frequently esperienced. The 
occurrence of thunderstornis, moreover, adds to the 
number of delayed flights: in winter marked assistance 
from westerly winds is frequently found. Even when 
easterly winds occur, they are not usudly very strong at  
low altitudes, and are riot infrequently overrun by west- 
erly winds. The pilot thus can fly above them and ain 
speed from the over1 ing westerlies, or in them and be 

esception is to be noted in the art of the course from 

delays in winter is nearly as high as in summer. This 
seems to confirm the remark made earlier that westerly 
winds in this region of the country are less vigorous than 
farther east. 

From the foreping discussion it is evident that the 
number of flights in each directionmade at  a higher speed 
and at  a lower speed respectively than the average value 
of S, is approximately the same, Fiz, 50 per cent. From 
an operation stand oint we are little interested in ad- 
vances on schedule, E ut  we are v.l:tally interested in delays. 
I t  is thought worth while therefore to assume certain ar- 
bitrary schedules, or in other words adopt certain factors 
of safety, and from the records determine the percentage 
of flights that fail to arrive within schedule and the aver- 
age and maximum delay for these flights. 

but little delayed by t i eir comparatirely low speeds. An 
San Francisco to Salt Lake, w R ere the percentage of 

WESTWARD FLIQHT: FACTOR OF SAFETY, 15 M. P. H. 
HEAD WIND AT NORMAL CRUISINQ SPEED, OR 32 
M. P. H. AT HIGH CRUISING SPEED. 

Under this assumption, S, = 93 - 15 = 78. Table 6 
ercentnce of flights that were made at a shows the 

slower spee 1 than this. 

TABLE B.-Prrcentap offlights arsttcard at less than 78 m. p .  h. 
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Methodpf observa- 
tlon. 

From these figures it a pears that the schedule c.ould 

As in the previous case, however, where a head wind of 
7 m. p. h. was allowed, the delays are most frequent, 
about 50 per cent, in the Rocky Mountain region. If we 
consider the course from New Tork to Cheyenne, the 
percentage of arrivals on or ahead of schedule becomes 
82, with a small seasonal variation from 55 in spring and 
summer to 79 in autumn and winter. It is evident that 
this performance would not be satisfactory and should 
be remedied either by using machines having a higher 
cruising speed, or by allowing a greater factor of safety. 

Table 7 shows the average and niaximuni clelav for 
the different sections of the course for the schedule on 
which Table 6 is based. 

TABLE ?.-Average and niasimzm dela 

not be kept more than a ?3 out 75 per cent of the time. 

in ntinzctes, for thosejlightr that 
failed to arrdile witfin schedule. 

Number 
Numbcr with west 

observe nent34 we 
tions. m . p . h .  

or more.. 

of camp Percent- 

- - ~ - - -  

Average 
delay. Sections. 

New York-Cleveland ............................................ 
C l W d ~ d - C h i ~ O . .  ............................................ .I 23 
C~cago-Omaha .................................................. 34 
O m B h ~ e s e ~ e  ............................................... 
Che nc-RockS rings ......................................... RS ringSad'La;e. ........................................ 
Salt LaieReno. .  
Reno-Elan Frmdsco 

............................................... ............................................. 
Drexel. Nebr.. .................... 
RoyalCenter. tnd ...................... 
Group1 ........................... 
Group? ........................... 

Considering the New Tork to Chicago part 
course as a unit? we obtain the following values: 

Percentage of delays, 19 
Average delay in minutes, 263 
Maximum delay in minutes, 1013 

Iiita-. ............ 1, S91 10.2 I 7.7 
Bdlmns .......... 3,874 183 4.8 

. ._._do ............. 2.895 193 6.7 

do ............ { 60: 1 
Maximum 

delay. 

55 
97 

l?l 
39 
160 
80 
97 
37 

-- 

of the 

The first value, 19 er cent, aoTees closely with the 
aver e of the Falues s own in T&le 6 for the four sec- 
tions 1 rom New York to Cheyenne. From these it might 
at h t  thought be assumed that head winds of more than 
15 miles per hour are encountered less than 20 per cent 
of the time. This of course is not true; rather, when 
stronger winds do occur, the reserve power of the motor, 
S-0.85 S, or at  any rate part of it, is brought into pla . 
be maintained, other conditions being favorable, against 
all head winds up to 15+ (110-93) =33 m. p. h. But the 
results show that this schedule was maintained only about 
80 per cent of the time, which means either that head 
winds above 32 m. . h. prevailed on one day out of five, 

value of S considerably below 110. In  order to determine 
what proportion of these delays can be attributed to 
adverse winds a large number of balloon and kite records 
have been examined and the results are given in the 
fol lowy paragraphs. 

For t e present purpose the route is sufficiently close 
to a west-east line to be considered such. If then a wind 
is blowin strai h t  from that direction, i. e., west, the 
plane d b e  de%yed in its flight by exactly the speed of 
that wind. If, however, the wind is from some other 
direction with a west com onent, the dela will be less 

being least with WSW or WNW, and greatest with SSIV 

If S- 110, then the schedule based on 78 m. p. h. co lJ d 

or that. oor visibi 1p ity, engine trouble and other causes, 
not a t  a 1  r related to the wind, operated to cut down the 

than the speed of the w i d 7  the amount o 9 the decrease 
~ - 

a There is an apparent dlscrqancy here between the arersp and maximum deJaw 
for the combined course New York to Chicago and thn sums of the values given In Table 
7. where the two secti&, New YorC to Cleveiand and Clcveland to Chicaco are cousid- 
ered sepuatrly This is . d y  ex Idned. In many caws there was a deli in one seo- 
tion but this was more than ma& up in the other n7ith the result that t . m  was no 
del& whatever in the complete tri For exam le' calling the three p l w s  A B and 
C let us assume that 011 one day & ht was m J e  i 0  minutes ahead of srhed;le>rom 
A'to B and ~ " B S  30 minutes delayed from B to  C: and that the rex-me of t h s  orrurred 
on the next day. For the entire trl thrrc was no delay on gther day but lor eTh section 
eeparatelytherewa? one dday ol3~rmnutestobeIneludedmtheresults g1venrnTable7. 

or NNW winds. By transformation of equation (2) it  is 
easy to compute the speFds of wind from the different 
directions that will produce a resultant delay of 32 m. p. h. 
in the plane's progress.' These values are as follows: 

M. p. h. 
w ............................................................. 32 
WNW or w8W. approximately ................................. 36 
NW or SW, approximately ..................................... 40 
NNW or SSW, approximately .................................. 50 

The kite and balloon records chosen for the study are 
the same as those used in the preparation of Table 3. 
The observations, 9,367 in number, were examined, and 
those tabulated in which the velocities for the appro- 

riate directions equaled or exceeded the values above 
lsted. The results are shown in Table 5. 

TABLE 8.-P~rccnlng~.fr~q1trncy of winds at 1,300 feet ultitude with v e s t  
eonipmmt equaling or exceeding $2 in. p .  h. 

stations. 

Mean.. 7.4 
~ 

From the mean ralue here given it appears that head 
winds would cause a dela in the schedule about once in 

formance could be guaranteed 90 per cent of the time, 
so far  as wind is concerned. Part of the 23 per cent 
delayed trips actually experienced, as shown in Table 6, 
are therefore attributable to other causes, such as failure 
of engines to develop full power, flying a roundabout 
route or at  high altitudes because of low clouds, etc. 

every two weeks, or in ot E er words that satisfactory per- 

OTHER SELECTED FACTORS OF SAFETY. 

The foregoing method of comparing the delays in 
fli hts with kite and balloon data has been applied to 
ot % er assumed factors of safet It is hardly necessary 
to give the results a t  length in &is piper, but the detailed 
figures are available for any who may be interested in 
them. A general summary follows: 

(a.) Wmtmrd f l igh t :  Factor of snfety, $5 m. p .  h. at 
normal cruisin.g speed, or 49 m. p .  h. at high cruising 
s p a e d . 4 ,  = 93 - 25 = 68 : The average percentage of de- 
lays for this schedule was 6, with hi hest values between 

i t  was only 3 per cent, the average delay bein 18 minutes. 

which show that winds with 8 west component of 42 
m. p. h. occur 2 per cent of the time. Evidently then 
this schedule would be very satmfnctory, since delays 
would be experienced about once in 7 weeks. 

(b . )  Eastward flig7i.t: Factor of sufety, IO in. p .  h. at 
itminu1 cricising speed, or 2'7 in. . h. at high cruising 

used for eastward fli ht, since head winds, in this case 

ward H ight. The average percentage of delays for the 
ent,ire course wa.s 9, with no great variation in the differ- 
ent sections. From Chicago to New Pork it was 8 per 

Cheyenne and Salt Lake. From 8 ew York to Chicago 

This is in good agreement with kite and ba lf oon records, 

s p e e d . 4 ,  = 93 - 10 = 83 : Smaller P actors of safety a.re 

easterl winds, are o K less average speed than for west- 

4 It is to he noted that allowance is made in equation (2) for the ongle that the airplana 
must make with the COWSB In order to keep m tbat course.. 
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cent, with an avera e delay of 43 minutes. Eite ttnd bal- 

h. occur 3.4 per cent of the time, which means 
that ot er factors, reviously mentioned, were res onsible 

and 
assuming that S = 110, we can safely conclude that this 
schedule could be maintained 97 per cent of the time, 
i. e., delays would occur once in 5 weeks. 

(e.) Eastward flight: Factor of safety, 20 m.. p .  h. at 
n o r m 1  cruising speed, or S7 m. p .  h. at high cruking 
s p e e d . 4 ,  = 93 - 30 = 73 : The percentage of delays for 
each section of the course was 4 or less, the average for 
the entire course being 2 per cent, and for Chicaoo to 
New York 1 per cent. Kite and balloon data inzicate 
that winds with an east component of 37 ni. p. h. occur 
0.7 per cent of the time, froni which it appears not only 
that the agreement is remarlinbly close but also that this 
schedule would be a particularly satisfactory one, with 
delays occurring about 4 times a year. 

loon records show t % a t  winds with an east component of 

for some of the !i elays. Considering wind ony ,  s 27 m. g. 

FLYING BETWEEN NEW TORI AND CHICAGO. 

Thus far we have been considering in more or less 
general terms the entire Air Mail course froni New- York 
to Sun Francisco. At the present time interest is most 
keen in that portion of it between New York and Chic,ago, 
partly because of the commercial importance of those two 
cities and of others along the route and nrtly for the 
reason that if aviation can be proved to !e practicable 
in this re ion, characterized as it  is by frequent storms, 

ticable, so far as weather is concerned, in a h o a t  any 
other part of the country. In what follows, therefore, 
we shall discuss in somewhat greater detail the wind 
conditions don this portion of the course, as revealed 

d e  length of the course is '7'70 miles. Only those days 
have been considered in which flights covered this ent.ire 
distance in both directions. There mere thus excluded 
3 days in which flights were made from New York to 
Chicago but not in the other direction; 6 da s in which 
the erformance was the reverse of this; anc Q 13 days in 

either way, e. g., New York to Cleveland, but not on to 

high win f s and poor visibilit., it  will certrtinlv be pmc- 

b the Air Mai f records and by kite and bdloon data. 

whic R flights were made over only a part of the course 

Chicago, etc. - 

The number of flights considered is shown, by months, 
seasons and the year, in Table 9. which also contains the 
number of av&lable days, exc,ludini Sundays and 
holidays; the percentage of days on w ich flights were 
made; the average speed attained in each direction; and 
the highest ancl lowest speeds. 
TABLE 9.-Miscellaneoi.u sfatistical data for jlighta between Nczil Eork 

and Chicago. 

i 
I 

25 

New York-Chicago. I 
Averagespeodm.p.h ..._.. 
Highest speed m. p. h .  _..._ 
L0westspeedm.p.h .__.___ 

Chicagc-New York. 

Average speod m. p. h _._. _ _  107.2 ,107.S 1100.0 1oL 2 I 98 0 92.1 (10 9 94 1 I 99.4 
H ~ h e s t s p e e d m . p . h  ......I l l l . 4  pQ.1  ,123.4 ;130:5 :115:R 1110.2 11?1::3 1111:9 1 US.3 
L0weatspeedm.p.h ....... S4.6 I 89.0 I 77.7 I 76.6 I 7S.Y I 73.1 164.3 75.3 I 79.1 

TABLE g.-~isce~~nnfoti.a statistied data for &hts between New I'bl.2 
and Chicago-Gontinued. 

Numbcr of days, excluding 
Numberofflightseach Sundays and holidays. way1 -. 26 24 1 1 :i 1 i; 1 ii 1 i! 1 ii I !% 
Percentage ofpossihle __... 1 92.3 56.0 76.9 s5.9 97.4 81.8 75.7 85.3 

~ ~- 

New York-Chicago. I I I I1 I I I I1 

Averagespeedm.p.h _._.. 84.2 SS.8 87.0 86.0 55.2 87.4 8i.2 
1Iighestspecdm.p. h ._._. 119.0 109.5 104.5 111.9 104.1 119.0 114.1 119.0 
Lowestspeedm.p.h _ _ _ _ _  j 6 S l I  74.01 71.011 r3.21 65.91 8.3.7II 65.9 

Chicago-New York. I 
Averagespeedm.p.h ..... 104.1 100.4 105.5 100.7 1 92.3 101.3 108.8 ! 100.3 
Highest speedm.p.h ..... 13U.3 1 3 . S  124.5 130.5 111.9 136.3 129.4 ' 138.3 
Lowest sperd m. p. h.. . . .. 1 79.4 1 52.2 1 91.3 I/ 76.81 a s /  19.1 1 81.61 a . 3  

From the values given in the third line of this table 
it is apparent that one year's record is not sufficient for 
the dehermination of monthly averages; a longer record 
would smooth out some of the abrupt irre ularities. For 

lower than the eneral average for the entire route be- 

a glance a t  Table 1. The large difference etween thls 
November value and those for other montshs, appears to 
be due to the unusual amount of storminess in the 
eastern States, resulting from marked cyclonic. activity. 
During the month there was more than double the normal 
number of cyclones, i. e., low pressure areas, and these 
produced inuch cloudiness, accompanied by snow and 
rain. In  spite of this evidently abnormal month, as well 
as some lesser irrewlarities in the values given in the 
table, the latter do gring out, in no uncertain fwhion, the 
marked superiority of the summer over the winter half of 
the year. From May to October, inclusive, more than 
93 per cent of the scheduled flights were made, but the 
avercage for the remaining 6 months drops down to about 
75 per cent. It is noteworthy that in June and July 
every flight scheduled was made. Yet these are the 
months in which most thunderstorms occur in this region. 
Eridently tliunderstorms and local showers do not con- 
stitute a serious deterrent to flight. They make necessary 
a wide detour sometimes and therefore cause delays, but 
they rarely prevent altogether the completion of a flight. 
The widespread occurrence of low clouds, however, 
accompanied as they usually are by rain or snow and 
characterized by poor visibility, is at present a very big 
problem for the elimination of which commercial aviation 
must marshal all its forces. Rain not only interferes 
with fli ht  but sometimes produces conditions at  landin 

even dangerous. Snow is likewise an impediment in 
flight and in addition tends to obliterate markings along 
the route on which the pilot depends for his guidance. 
If of considerable depth, it  may make the take-off and 
landing of planes hazardous or in extreme cases quite 
im ossible. 

h e  hopeful aspect of this problem is that in lar e 

culties. Navigation methods must be improved to 
enable the pilot to fly above the cloud layers and still 
keep his course. Even in widespread storms there are 
occasional lulls. Meteorological service must be so en- 

exam le, the value for November is muc % lower than it 
woul a be as a rule, and for that matter considerably 

tween New Yor f and Yan Francisco, as ma be seen by Js  

fields w 5 iich render the take-off and landing diflicult an 8 

measure it can be solved; there are no insuperable di I5 - 
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111.9 

104.1 

119.0 

114.1 

70.0 

73.2 

larged and improved as to enable $lots, h~ timely 
warnings, to take advantage of trhese 1 1s. Slig it delays 
may result, but at any rate not complete interru t>ion. 
Suitable signals, both radio and beacon, must be xevel- 
oped so that ilots may be largely independent of such 

Landing fields must l e  so graded, drained, and surfaced 
that rams will have no deleterious effect upon them, and 
provision must be made to prevent the acc.umulation of 
soft snow. By these m d  other measures the re ularity 

bility such improvement will be effect,ed in the near 
future. At present, however, we are more interested in 
what has actually been accomplished in spite of handi- 
caps, and it seems pertinent, therefore, to consider briefl 
the days in which flights were not completed in bot1 
directions. There were 45 such days, not incluclino Sun- 
days and holidays. A study of the meteorologicta con- 
ditions on those days indicates that 29 of thein were very 
unfavorable for fi$ht. One occurred in May, 2 in 
August, 1 each in beptember and October, and the re- 
maming 24 from November to March, inclusive. In  all 
of these 29 cases there was wides read snow or rain, the 

however, that several of these days were no more unf avor- 
able than were severs1 others during the year on which 
flights were completed in both directions, and i t  seem 
f a r  to msume, therefore, that other causes contributed in 
part at  lemt to some of these failures. These “ot-her 
causes,” which may indude accidents to the 
en ine trouble, etc., were almost certainly-res onsi le for 

since meteorological conditions were ood along most of 

with the annual total of 261 in Table 9, we would ham a 
If we 

further assume that fli hts could have been made on half 
of the 29 unfavorable says (and this is an entirely justi- 
fiable assumption, based on a comparison of those days 
with several other worse days on which flights were made) 
the percentage would be 95.1.5 

Before leavin this art of the subject it is believed 

as weather in the region between New Tork and Chicago 
is concerned. Temperature was praclticdly noiiiial in 
January, August, ancl November; in other months there 
was an escess of 2 O  to Go F., the average for the year 
being about 3 O  F. above normal. There were no large 
abnormalities in precipitation: May and July were close 
to normal, March, A ril, and August to November had a 
slight excess; and L n e ,  and December to February, a 
small deficiency. In no case was the departure more than 
1.5 inches in a month. For the year the total was about 
2 inches above nornial. When we consider storm move- 
ment, however, we find considerably greater activity than 
in most years, only one month, June, showin We 
have already commented on this feature of &!%eather 
in November. For the year as R whole, cyclonic nrens were 
about GO per c.ent niore frec ue.nt than normal. Although 

marked severity, the large number of moderate storms 
necessarily produced niore frequent changes in weather 
and a reater amount of cloudiness than would be expe- 

dehitely that the year under consideration provided a 

markings as t ?I ose u on which reliaiire is now placed. 

of flight will certainly be greatly improved. In  a lf proba- 

r 

former prevailing on 13 days. P t can not be denied, 

%lanes, 
fa’ 9 ures on the remaining 16 of the 45 “fllght 7 ess” dnys, 

the route on those days. If we inc B ude these 16 clays 

ercentage of possible flights amounting to 90.5. 

worth while to f iscuss fl riefly the year as a whole, so far 

there were no more than t h c usual number of storms of 

riencec K in most years. Hence, i t  can be stated quite 

May ?i,1022 

June 2,1921 

oct.  26,1931 

Jan. ?7,192? 

I 
Apr. ?0,19?2 

June 13,1921 

6 T U  ~ssum tlon Bsds further support in a recent report of the Air Mail Servlee, 
wherein it is sl!own that during tha enlendar year 1922 an emciency of 95.5% was 
maintained. 

rather more severe test for flying between New York and 
Chicago than would the. normal year, and it seems reason- 
able to conclude that, so far as weather conditions are 
c.oncerned, flights could be made in both directions be- 
tween New York and Chicago inore than 95 per cent of the 
t,ime. This statement does not refer to the maintenance 
of any particular time schedule--n subject to. which we 
shall now turn our attention. 

Average, hidiest ancl lowest speeds for the westward 
ant1 eastward Rights ancl for the months, seasons, and the 
year as a whole, are shown in the last G lines of Table 9. 
’From an operation standpoint it is of value to consider 
each clay’s flights in connection with the meteorological 
contIit.ions, but such de t,ailecl discussion is of course out 
of the question. It has been deemed worth while, how- 
ever. to consider briefly the estreme cases, and the results 
of this esaniiiiation are presented in Table 10. 

TABLE 10.- bfetcoroloqica.! conditions on days who& highest and lowest 
specds were made. 

Peason. 

Spring. . . 
Bummer. 

.4ntumn. 

Wintcr.. . 

Spring. -. 
Summer. 

Autlimn . 
Winter. _. 

spring.. . 
Biiinmcr . 
Autumn. 

Wlntcr ... 

Spring. . . 
Summer. 

Autumn. 

Winter ... 

;peed. I Date. 

-I 

65.9 

68.7 

130.5 
111.9 

136.3 

E9.1 

76.6 

64.3 

79.1 

84.6 

Sept. 2,1921 

Jan. 5,19?2 

Apr 9 1922 
Alii. Id1921 

Oct. 32,1921 

Jan. 4,1923 

Apr. 17,1922 

July 6,19?l 

Sept. lS, 1921 

Jan. 97,1922 

Meteorological conditions. 

Highest speeds westward. 

Ensterly winds and clew weather. Eigh north of 
Lake Superior. 

Light easterly winds and clew weather. High over 
New England: low over Wirrconsln. 

Easterly winds slid clear weathrr. Eigh over St. 
L a ~ ~ ~ e n c e  Vallcy. 

Do. 

L0WeS.t speeds westwartl. 

Strong westerlv winds and rloud wrather. Vig- 
orous low ovPr St Lawrence \rase .. 

Moderntewesterlva.indsandpartly c?ioudyweathar 
with SOIUP thiindedorms. Moderate low over 
Rt. Lawrence Vnllcv: modcrate high in Southern 
Stntcs. 

Stron wcsterly ninds and rlcar weather. Vigor- 
ousfow north of G m t  Lakos. with steep presum 
gradient south to norlh. 

Strong westerly winds and stormy weather. ViK- 
orous low eart of Lake Huron. 

Highest specds eastward. 

(.See under “Lowest speeds westward.”) 
Strong northwesterly winds and artly cloud 

weather. vigorous t o r  over St. Zawrence vrY- 
ley. 

Stron wcsterlv winds and dear wcathcr. Vigor- 
ous5ow north of Lake Huron, with ~Ccep pres- 
sure gradient south to north. 

Strong south\vester!y winds and rompnrntively 
clear wealhcr. Vigorous low over Maiiitoba. 

Lavest speeds castward. 

Strong southerlv whidn and stormy weather. Vig- 

Light variable, winds and mea-ional thunder- 

Light, varini%. winds and cloudy weather. No 

(See under “Hig%~st speeds westward.”) 

orous low owr hlirhigan. 

storms. T 1 ~ 3 1  “flat map.” 

pronounced hi h or low. 

This table shows a strikin similarity in the weather 

each direction, viz., stron tail winds with clear weather 

Two apparent exceptions are noted, on July 6 and Sep- 
tember 15, 1921, under “Lowest speeds eastward.” 
Light variable winds prevailed in each case and the 
weather was fairly good. It is probable that other 

conditions that are responsib B e for high and low speeds in 

and strong head winds wit fl stormy weather respect,ively . 
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causes, e. g., engine trouble, etc., contributed to these 
two delays. The highest speed .ztt,ained in t.he year, 
136.3 m. p. h., on October 33, 192l? was made under 
almost ideal conditions-clear weather and pressure lines 
close together and nearly paralleling the latitude. 

Reverting now to Tahle 9, we find that the sea,sonal 
variation in the average speeds maintained is very simi- 
lar to that for the entire course between New York and 
San Francisco, as shown in Table 2. This variation hrts 
alread been discussed (third pmagraph, followin Table 
4) an B need not be referred to furt-her here. #e shall 
now take the sensonnl values and the annual mean and 
compare t,hem with resultant winds, as determined by 
means of observations with kit.es and balloons. The 
seasonal and annual nieans are taken from Table 9. The 
normal cruising speed and the wind factor are then de- 
termined, as alread indicated in tslie discussion following 

been com uted in the same ~vtiy RS has that for the year, 
usin the i i te  and balloon records referred to in the pam- 
grap % preceding Table 3. These records serve the pres- 
ent purpose even better than the more general one, i. e., 
the entire transcontinental course, since t,hey were ob- 
tained at stations all of which are compara.tively near the 
Chicago to New York art of the route. The data above 

TABLE 11.-Afenn seosonal and ann1ta~ sptvd of.flights, m.. p .  h .  b~tii:een 
New Y%rk and Chicngo; also, coinparison betiocm .wind filelor dc- 
icrniined thrrt-from and resultant v i n d  .from ar.rolog.ical observations. 

Table 2. Finally t % e resultant u-ind for each season has 

outlined are assemble 3 in Talde 11. 

- 0.0 
0.0 

- 

0 
10 
10 
17 
21 
26 
30 
33 

4i 
50 
55 
51; 
5i 
59 
til 
LZ 

Averages eed: M. p .  h .  M p .  h .  
New $ork-Clllcago ........... .I 90.3 I 86.0 
Chicsp+New Tork ............ 100.7 92.3 

0 0  
1 0  
1 0  
1 0  
1 1  
1 2  
2 3  
2 3  
3 G  
3 0  
A i  

10 
12 
15 
19 
22 
24 
30 
3i 

4 0 4 3  
46 
4s 
52 
52 
53 xi 
50 
50 

-I 

Normal W i n d f a i r  cruising from s ,$ ataabowpen.1 eed ............ 95.5 5.2 I 89.2 3.2 

Resultant windfromkitean pdot 
balloonrecords ................. 5.4 5.6 

0.0 
1.6 
1.6 
1.6 
1.6 
1.6 

;::I 7:: 
8.7 10.7 I 7.4 

0.0 
0.0 
0.0 
0.0 
1.8 
3.6 

The annual cruising speed, 93.8 m. p. h., in line 3 of this 
table is in striking a reement with t,hat found for the 

93.0 m. p. h. This slight difference is of no real signifi- 
cance, but it may be remarked that the hi her value for 

exceptional1 favorable conditions for westward flight 

than was maintained in any ot, er month. (See %able 9.) 
It seem proper to make some allom-ance for this, and we 
shall therefore continue to use 93 m. p. h. as the norma! 
cruising speed. The values in the table shorn a seasonal 
variation, but this does not mean that bhe normal cruisin 
s eed itself varies. Rather, in winter the winds from a 
xrections are stronger than in summer. In  winds approsi- 
mately parallel with the course, the assistance in one 
direction is offset by the resistance in the other, or nearly 
so; but in many cases cross winds premil and it then be- 
comes necessary to increase the speed of the airplane in 
both directions, the result bein to g i n  a mean speed 

In  summer, the delays are caused to a less extent by 
winds than by thunderstorms, squalls, etc., which neces- 
sitate flying off course. Such delays are esperienced in 
both westward and eastward flight, and result in cutting 

entire route between a ew York and San Francisco, vie., 

the eastern section of the course is probab K y due to bhe 

in the mont E of May, resultin in a higher averawe speed 

a 

% 

which is somewhat higher than t % e annual cruising speed. 

4.8 
9.i 
14.5 
16.1 
16.1 
27.4 
33.9 
41.9 
45.4 
53.2 
64.5 
i5.8 
80.6 
R8.i 
90.3 
91.9 
95.2 
9s.4 
.m.o 

down the avera e speed somewhat below the normal 
cruising speed. %he vwiations are not large, however, 
amounting to less than 5 m. p. h. in each season. Even 
the monthly values, though based on a small number of 
cases, show almost equally satisfactory agreement, as 
follou-s: 

Average m. p. h. 
January .................................................... 98.0 
Febr~isry ................................................... 97.0 
March ....................................................... 95.2 
April ....................................................... 95.8 
May. ...................................................... 95.6 
June ....................................................... 90.2 
July ........................................................ 87.5 
August ...................................................... 89.9 
8eptemher ................................................. 93.5 
October ..................................................... 94.2 
November. ................................................. 93.1 
December .................................................. 90.2 

The last h -o  lines of Table 11 give a comparison of.the 
wind factor! indicated by mean westward and eastward 
spcecls, and t,he r e suhn t  winds, as observed by means of 
kites and balloons. Escept in summer the agreement is 
close, the resulbnnt wind being slightly the hgher of the 
two in all seasons. In Summer various factors of uncer- 

, already referred t,o, such as thunderstorms, 

the most! part are light and variable. I t  is therefore not 
surprising to find a fairly !arge difference in this season. 
The agreement in the means for the year is excellent,, 
each being close to i in. p. h:, which is the value already 
used for the en bire t,ranscontinen tal route. 

In Tables 13 and 13 the Air Mail records are presented 
in such forin as to show the number and percentage of 
flights t,hat were made at  or above different average 
speeds. The figures in the second column of the tables 
gire t.he equivalent duration of the flights in hours and 
hundredths. 

squa tnintX s, etc., tend t.0 inask t,he effects of winds which for 

10.7 
12.5 
1i.8 
21.4 
26.s 
33.9 
39.3 
42.8 
53.0 
M.1 
7 R . S  
P2.1 
85.7 
92.8 
92.8 
94.6 
98.2 
100.0 
100.0 

TABLE E.-Nunibcr and permtoge  of flights made from New York to 
Chicago at or aboiw difercnt avmage speeds. 

j 11 Number of Rights. 11 Percentafi of total number. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
8 
11 
17 
m 
2s 
34 
36 
44 
52 
5s 
(5x3 
73 
i4 
i 6  
i6 
i d  
ili 
- 

- 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.3 
2.0 
10.5 
14.5 
22.4 
21.3 
36. R 
44.7 
Q. 4 
si. 9 
68. 4 
76.3 .w. 9 
96.0 
97.4 
00.0 
00.0 
00.0 
00. 0 

0. n 

n. o 

- 

- 
0.0 
0.4 
0.4 
0.4 
0. a 
1.9 
2.3 
3.8 
6.1 
7.3 
11.5 
1s. 8 
23.0 
25.6 
34.9 
43.3 
48.6 
54.4 
62.1 
72.0 
78.9 
83.1 
92.3 
94.6 
96.5 
98.5 
99.6 
loo. 0 
- 
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138 ..........-. 
136 ___.._...... 
134 ____._....__ 
132 ..._........ 
150 .___._____._ 
E? __._........ 
1213 _.___.__._.. 
I24 _.__._.___.. 
122 _________._. 
120 _.__..__.___ 
118 ..._........ 
116. .. . . . . . . . . - 
114. ... -. . . -. . . 
112 ...._....... 
110 ......._.... 
lW _._.___._._. 
106 ......._...- 
104 ____.._.____ 
102 .._...._.... 
100 ..._..____._ 
9s ...._....__._ 
96 ___._..__._.. 
94 ......_....._ 
91 ...........-. 
90 ___.._.__..__ 
85 ___..____.._. 
86 ._..._.._...- 
92 ......_...-.. 
SO ....___...... 
7s .._._...._... 
76 ... ._.__ .._._ 
74 .... . ._.. ._. . 
72.. .._... ... .. 
70 ___._..__._.. 
6S ._.. . . ._ ___.. 
6G ___.._ _.__... 
M ............_ 

a1 _._.._.._.... 

TABLE 13.-N~~mber and percentage of J i g h  made from Cirieago to New 
Fork at or abore difment airrage sp&. 

Hra. 
5.5s 
5.M 
5.75 
5.%3 
5.92 
6.02 
6.11 
6.21 
6.31 
6.42 
6.53 
6.81 
6.75 
6 .M 
7.00 
7.13 
7.26 
7.40 
7.55 
7.70 
7.W6 
8.02 
s.19 
8.37 
8.56 
S i 5  
S.95 

9.39 
9.62 
9.87 

10.13 
10.41 
10.69 
11.00 
11.32 
11.67 
12.03 

9.17 

S0.6 
S3.6 
S . 0  
SY.5 
82 .5 ,  

- 
0 
0 
0 
0 
1 
2 
a 
3 
5 
6 
7 
7 
9 

12 
14 
17 
1s 
26 
37 
41 
43 
46 
51 
51 
.56 
59 
60 
62 
63 
A4 
65 
67 
67 
67 
67 
67 
G7 
67 

0.0 a n  

n.o 1.6 
0.0 1.6 
0.0 0.4 

U.1) 9.z 

o.n 11.3 
0.0 19.3 

o. n 2s. s 

fl.0 1.6 
0.0 1.6 

0.0 6.4 
0.11 6.4 

0.0 9. I 

0.0 12. ti 

6.6 -27.4 
6. ti 31.2 
9.2 35.6 

14.5 40.3 
26.3 43.5 
36.8 56.4 
.14.7 tii.3 
44.7 71.0 
17.4 75.S 
53.9 79.0 
63.1 57. 1 
GS.4 .W.7 
76.3 SS. 7 
$2.9 93.5 

:umber of flightn 

M.0 : d . 5  
95.5 I SA. 1 
97.0 90.8 
.w.o 90.8 
:oo.n 06.0 
100.0 , 97.4 
100.(1 9s.7 
LW.0 I 93.7 
LW.0 I 88. i  
I0u.U '100.0 ! 

- 

0 
0 

0 
0 
0 
0 
0 
0 
0 u 
0 
0 
5 
5 
7 

11 
24l 
2:j 
34 
34 
36 
41 
4s 
52 
56 
63 
65 
67 
69 
69 
73 
74 
72 
75 
75 
70 

n 

95.2 
96.8 

loo.u 

lW.0 
liw1.0 
1110.0 
100.0 
l w . o  

100.0 

i00.u 

- 

0 
1 
1 
1 
1 
4 
4 
4 
6 
6 
7 

19 
14 
16 
17 
20 
22 
25 
27 
35 
38 
44 
47 
49 
54 
55 
55 
5s 
59 
60 
62 
62 
62 
62 
62 
ti? 
62 
62 

- 

n 
0 
0 
0 
0 
2 
2 
5 
5 
9 

10 
14 
17 
IS 
24 
2s 
32 
36 
42 
43 
44 
45 
47 
50 
5 l  
55 
55 
56 
56 
56 
56 
56 
5c 
5fn 
gr, 
56 
56 
56 

-- 

0 
1 
1 
1 
2 
% 
8 

12 
1G 
21 
21 
.33 

46 
60 
70 
79 
9s 

1% 
I47 
159 
169 
1'51 
194 
212 
"1 
2x4 
3 9  
2k3 
247 
252 
-.J4 
2.3 
259 
2u-l 
310 
3 0  
261 

-m 

ni  

Perrentsce of total number. 
- 

0.0 
0.0 
0.0 

1.5 
3.0 
3.0 
4.6 
7.5 
s. 9 

10.4 
10.4 
13.4 
17.9 
20.9 
25.4 
26. !I 
3s. s 
55.2 
61.2 
04.2 
os. 6 
76.1 

0. n 

I 
- 

0.0 
0.0 

0.0 

3. G 
3.6 
5.9 
8.9 

16.1 
17.8 
25.0 

22.. 1 
$1. s 
50.0 
57.1 
61.3 
75.0 
76. s 
7s. A 
so. 3 
N. 9 
s9.3 
YG. 4 
Y9.2 
9s. 2 
w. o 
OCJ. 0 

nl. 0 

00.0 
on. 0 w. 0 

nu. 0 
00. II 

n. o 
n. 0 

an. 3 

00. 0 

00. n 

1x1. n 

- 

__ 
0.0 
0.4 
0.4 
0.4 
0. !7 
3.1 
3.1 
4.6 
6.1 
x. 0 
9.2 

12.6 
15.3 
l i .  6 
8 . 0  
%. R 
30. 3 
37.5 
.Is. 3 
56.3 
60.9 
64.7 
69.3 
74.3 
81.2 
M. 7 
57.3 
91.6 
93.1 
94. 6 
96.5 
97.3 
9% s 
99.2 
9Y. G 
9Y. 6 
SII. 6 

100.0 
- 

The figures in the bottom line of columns 3 to 7 inclu- 
sive in each table represent the total number of flights 
made. The percentage of delayed flights for the sched- 
ules given in the first two columns may be readily 
obtained by subtracting from 100 the values in the five 
coliunns at  the right of each table. 

The seasonal variation is well shown by these data. 
It is of course greatest for the highest speeds since the 
latter result from strong assistin winds, and these occur 

operation standpoint, as already state$ we are most 
interested in speeds that can be maintained a large part 
of the time and at these lower speeds, 75 to SO miles per 
hour, the seasonal variation is small. This being the 
case, it seems scarcely necessa to determine for eac'h 

more particularly since in any aviation enterprise involv- 
ing day to day flight bids iiiust be made and contracts 
placed on a yearly basis. Considering then only the annual 
percentages wehave plotted these, i. e., thefiguresin the last 
columns of Tables 12 and 13, in figures 3 and 3 respectively. 
Ordinates represent the percentages of flights that were 
made a t  or above the speeds indicated by abscissae. 

The curve in figure 2 shows that a.pproxinietely 50 per 
cent of the flights were made at a speed of 56 m. p. h. or 
more, which is the normal cruising speed less the resultant 
wind, 0.85s - R; and about 30 per cent were macle a t  or 
above the normal cruising speed, 93 m. p. h. These latter 
represent flights in which material assista.nce was realized 
from easterly winds. The part of the curve to the right 
of 93 m. p. h. indicates flights whose speed was cut down 
b westerly winds. In both cases the esact relation of 

be chosen somewhat arbitrarily, since, as already stated, 
with tail winds pilots may ease up on the motor, and with 

most frequently in the winter ha P f of the ear. From an 

season, the allowance that shoid x be made for head winds, 

t x e plane's airspeed to the resulting ground speed must 

head winds the airplane's cruising speed may be increased 
in pro ortion to the strength of those winds, until ita . h. Most 
interest, of course, lies in the upper part o the curve, 
that showing a high percentage. If arrival on or ahead 
of schedule 95 per cent of the time is taken as a satisfac- 
tory o erating performance, inspection of the curve indi- 

lanes, with a schedule based on a speed of 74 m. p. h. 
!his means, if we still assume S =  110, that 5 per cent of 
the time there occur head winds esceedin a speed whose 

tions. 
The kite and balloon records which have been used in 

the early part of this pa er have been esamined for the 
present purpose also an CY as a result it  is found that at  
an altitude of 1,500 feet a wind with 8 west component 

. h. or more occurs 5.2 per cent of the time. 

under the round speelof 74, and other wind speeds were 
proper? $aced with reference thereto, the zero point 
would a1 under 110, from which it is evident that the 
latter value represents very closely the hi h cruising 

assuin tion that t.he normal cruising speed, 93, is 55 per 
cent of the hi h cruising s eed. It should be distinctly 

of the planes is likewise lowered and that therefore the 
wind scale does not fit the curve except for hi h winds 

t,o its limit. For lower wind speeds the zero of the scale 
would shift successively to the right, until it  reached 
93 n1. p. h. for no wind. With easterly, i. e., tail winds, 
the zero would again shift slight.ly to the right, the 
amount dependin- upon the strength of those winds, 
and the wind scare mould increase in reverse direction, 
i. e., from right to left. With a shifting zero it would be 
difficult to evaluate the wind effect for the lower speeds 
and fortunately it is not necessary t.0 do so, since interest 
is centrered almost entire1 in a high percentage of sched- 
ule maintenance. I t  is {elieved worth wlde, however, 
to endeavor to justify the assum t,ion of a shiftin zero, 

used in this aper have been examined with a view to de- 

are from any direction between N 1' W and S 1' W, 
regardless of speed. These records give the following 
results: 

PmentaKe of winds 
with west cornpononts. 

Drcxel, Nehr .__.___......_.._.___..._..___.__.._....____._._._ 65 
Royal Center, Ind ...__ -. . . . . . -. . -. . . . . . .. -. _. . .__. ...__. .___ _ _  73 

Gruup2. ..................................................... 66 

Mean.. . ............................................... 70 

The remaining 30 per cent include calms and winds 
with an enst component. I t  has been stated that with 
no wind the zero of the scale at the bottom of fi ure 3 

t,hen the curve at  the abscissa of 03 should have an 
ordinate of 30. In  reality it passes through 31-an 
agreement which sufficiently justifies t,he assumption 
8s to the shifting zero. 

I n  confirmation of the statement that with very high 
winds advantage is taken of the lane's maximum s eed 

records show that winds with a west component of 42 
. h. occur 2.0 per cent of the time, whereas the curve "'K in 'gure 2 indicates 0.4 per cent. Under the conditions 

P limit % as been reached, viz, S-110 m. 

cates t 7 1st this would be realized, in the case of the Mail 

value we can readily determine from aero 7 ogical observa- 

If Of this 36 m- va Q ue, 36, were laced at  the bottom of the figure 

speed of the planes, as originally deduce f from the 

borne in min% that with P ower wind speeds the speed 

wliicli i t  is necessary to overcome by letting out t % e motor 

and for this purpose the kite an 2 balloon records a 9; ready 

t.erniining w R at percentage have a west component, i. e., 

ChUp 1. ..................................................... 73 

- 

would fal1,under the ground speed of 93. If this % e so, 

of 110 m. p. h. it  may be adde x that kite and ba B oon 
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specified, therefore, viz., that the normal cruising speed, 
93 m. p. h., is S5 er cent of the maximum that can be 
maintained over t K e whole course and that allowance 
is made for winds with a \vest component, of 36 m. p. h. 
a flight speed of 74 miles per hour or better can be guar- 
anteed 95 Der cent of the t,ime. 

that"can heIkept 95 per cent of the time. The results 
are shown in Table 14 nnd in figures 4 and 5. 

TABLE 14.-Time schddriles for J'lighta b d i ~ c r n  h%w 1-ork ~n.d G'hicago. 

information for east- 
in figure 2 for westward flight. 

wind effect is well brought out 
two figures. Figure 3 indicates 

50 per cent of the fli-hts were made 

cruising speed, 93 111. p. h., was 
100 ni. p. h. and &at in about $0 

esceeded. The part of the curve to the left of 93 rep- 
resents flights in which material assis tance was esper- 
ienced from tail, i. e., westerly winds; that to the right, 
those flights whose s eed WRS cut down by etisterly winds. 

An esamination of kite and balloon records shows that 

In  the up er part o l p  the curve we find that 95 per cent 
of the flig % ts were made at or above a speed of SO ni. p. h. 

FIG. 2. Percentage of td s made from New York to Chicago 770 miles, at dlfferent average 
speeds with &planes w h w  normal cruising speed 'is 93 miles per hour. 

winds with an east component of 20 m. p. h. or more 
occur 4.9 per cent of the time. If this value were placed 
under SO and the scale extended to its zero, the latter 
would fall under 100 instead of 110 as in figure 2. This 
is not surprising; it means simply that in eastward flight 
it, is seldom necessary to bring into play the reserve power 
of the motor, or a t  any rate an appreciable part of it. 
As in figure 2, a second point on the curve has been 
compared with the kite and balloon records. The latter 
give 2.4 per cent as the frequency of winds having an 
east component of 27 m. p. h., and the curve at. this point 
indicates about 1 per cent. 

APPIJCATION TO AIRCRAFT OF DIFFERENT SPEEDS. 

Having determined what may be called the 'i critical" 
wind speed for a 95 per cent! schedule maintenance, we 
can now apply the results of this study to aircraft of any 
speed. At the present time the normal cruising speed 
of aircraft, including lighter than air, ranges approxi- 
mately between 50 and 150 m. p. h. Still assuming that 
this normal cruising speed is 85 per cent of the masimuni 
s eed that can be maintained, we can cuickl com Ute 

ance must be made, viz., 38 m. h. for westward, and 
20 m. p. h. for eastward flight. % his value divided into 
770, the length of the course, gives the schedule in hours 

t R e latter and from i t  deduct the wind I Z l Y  or w ich a ow- 

Nofmal 
criusing 

Speed 
(0.SSS). 

50 
60 
70 so 
90 
93 

1w 
1 1 0  
1% 
IS0 
140 
150 

Allowanc 
lor wind 
(5-36). 

.- 

?3 
3.5 
46 
5R 
70 
73 

iu 
1 M 
117 
129 
140 

.. . 

_-_ 
Time 

schedule. 

H0W.S. 
33. AS 
22.00 
16.74 
IS. 3 
11.m 
10. 55 
9.39 
x. 3 
7. x3 
G. 3 
5.97 
5.50 

Eastward flights. 

Allowano 
lor wind 
(S-20). 

Time 
schedule. 

H O l l T 8 .  
19.74 
15.10 
12.42 
111. 41 
8.95 

i. s6 
7.06 
6.36 

a 3 1  
4. I 

s. 65 

5.79 

An inspection of the figures brings out very 
clearly the difficulties of the westward trip for low- 
speed aircraft. With a normal cruising speed of 
50 111. p. h. almost twice ns much time would be 
required ns for the eastward trip. The importance 
of the wind factor diminishes of course with the 

of the latter 

to about 13 hours at 
than half an hour at  

are assuming that 
against t igh head winds the s eed of the aircraft 
can be increased from 0.85s to E . 

In t.he foregoing discussion no allowance has been 
made for service stops or for change in time. We 
have considered only the actual time during which 
the planes were in the air. As st.ated in the report, 
quoted in part at  the begining of this paper, the Air 
Mail Service at  present coiisists of u relay advance 
of mail from New Tork to Cleveland, Cleveland to 
Chicago, m d  so on. In addition, 20-minute service 
st.ops are made at  Bellefonte, Pa., and at  Bryan, 
Ohio. The length of time required for stops in coni- 
mercial avintion would varv accordinp to the char- 

acter of the service rendered. If this wertfor mail, ex- 
press or passenaer transportation the stops would proh- 
ably be short, %ut if for freidit they would necessarily 
be somewhat longer. Probabyy one. stop would be suffi- 
cient-that at  Cleveland. As a working hasis we can 
assume that it would be one hour. It is to he noted 
that the relative import,a.nce of this, since it is R con- 
stant, increases with the hiwlier speed aircraft. 

In  a c.omnierc.ia1 sense tRe wind factor is afiset-to 
a considerable extent for low cruising speeds and com- 

For instance, 
Fable 14 shows that the schedule for a normal cruising 
speed of 90 m. p. h. is 11 hours from New York to Chicago 
and practically 9 hours in the opposite direction. Includ- 
ing one hour for service stops, thew become 12 and 10 
hours respectively. By the clock. however, (and this 

is made in each direction in 11 hours. Thus, mal s is the important consideration in business) the tri 

leaving the Terminal Fields a t  rnch city at  S p. ni. 
arrives a t  the other on the following morning at  7 a. m. 
AppllTing the chnngc in time to the values in columns 
4 and G of Talde 14 and inaking an d1owa.nc.e of 1 hour 
for stops, we have the revised scheclule given in Table 15 
nncl in figure Le 

letely so for high-by the change in time. 

e Commerrial enterprise wmld hsvo to add to this the time required to reach the 
Terminal Flelds from the center of town, at both termmals, in making comparison with 
rail schedules. 



charrge in time. 

Normal 
cruising 
speed. 

Time in hours. 

New York Chiraco to 
to Chicaso. New York. 

21.74 
17.10 
11.12 
12.41 
10.95 
9. $6 
9. [I6 
$. 36 
7.79 
7.31 
6.93 

in-fi iires 4 and 5, we have 90.2 as the final percentage 

be noted in figures 2 and 3 that the amount of delay in 
tshoss flights, 5 per cent of tlie total, that would fall to 
arrive within the schedule, is not large, and it is worth 
of remark that other means of trans ortation,. .a$ 

occasional delays. Finally, if the number of complete 
failures can be reduced by overcoming the effects of 
unfnrorable weather (again not includiw the wind 
factor) , tlie iioriiial ercentage of scliedu7e mainteii- 
ance here shown to !e 90.2, will be incrcased accord- 
ingly. 

of sc 5l edule maintenance throughout the year. I t  is to 

stea.mship, motor truck, etc,, are tliemse f ves subject to 

FIG. 3. Percentage of trips made from Chic3go to New York 770 miles at different average speeds with airplanes 
whose normal cruising spwh is 93 mills per hour. 

From the table and curves i t  is apparent tlint, with 
aircraft of high cruising speed, advcintye lies with ilw 
westward trip, so far  a.s commmcinl scrvzce .is concerned. 

It must be distinctly understoocl tlint tlie data given 
in figures 2 to 5 and in Tsblns 14 and 15 have reErrenc.e 
solely to those da s during the year on which flights 

these days constituted S6.3 per cent of tho total. Failures 
on 14.7 er cent of the days were due to various c.auses, 

trouble, necessit for re airs bo the plane en route, etc. 
As has already Keen iniicated some of these causes of 
failure will become nonexistent witah improvement in 
equipment and in facilities for handling aircraft a t  
landing fields. It has also been shown thnt the weather 
was no niore unfavorable on some damp when fo'l 1 ures 
were recorded than on others when flights were successful. 
Finally, in a few cases flights w-ere completed in one 
direction only. If these latter werc included, the per- 
centage would become 86.3 for the westward, and 87.2 
for the eastward trip. On the basis of the points above 
briefly reviewed we have previous1 stated thitt ri con- 

centage of failures to complete flight8 at  no more than 5. 
Assuming, then, that flights are made on 95 per cent of 

were completed in B loth directions. As shown in Table 9, 

such as : ad weather (not including high winds), motor 

servntive estimate would place t { le unavoidable per- 

THE GENERAL WIXD CURVE FOR DETERNINING VARIOUS 
SCHEDULES. 

Figures 4 to 6, inclusive, represent the application of 
the preceding nnnlysis to a pnrticulnr percentage per- 
formance of aircraft over a definite route, that between 
New York and Chicago. It may he desired to determine 
schedules baed  on other performances, greater or less 
than 90 per cent and for different lengths of routes. 
For t,his purpose figure 7 has been prepared to show the 
number of times during a normd year that east or west 
winds of varying strength occur. The following example 
will indicate how this curve may be applied: 

An aircraft with a normal cruising speed of 80 m. p. h. 
and a high cruising speed of 90 m. p. h. is to be operated 
over a route 1,000 miles in length. It is desired to 
determine what percentnge of the trips will be made in a 
flyina time of 13 hours or less. (To compare with train 
ache&les, the length of time to get from the terminal 
cit,ies to the terminal airports, time consumed in any 
stops en route, and the change in clock time going east 
or west must of course be added to the flying time.) 
From figure 7 we rend that a wind from the west of 
13 m. p. h., or more, occurs 30 per cent of the time. 
Assuming that the aircraft maintains its high cruaing 
speed of 90 m. p. h. over the entire distance, the resultant 
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ground speed will therefore be 77 m. h., or less, for (a) The percentage of time abnormally stron east or 
30 per cent of the westbound tri s. bviding the dis- west winds occur, as deduced from (1) kite an (f balloon 
tame traveled, 1,000 miles, by t \ is ground speed the records, (3) westbound fliglits, and (3) eastboundflights, 
flying time is found to be just 13 hours. Hence it is agrees very closely. 
determined that such an aircraft could maintain a 13- (a) The percentage of time west winds of moderate 
hour schedule 70 per cent of the time. The esact strength occur, as deduced from westbound flights, is 

FIG. 1. Ccrve showing schedules for flight from New Tork to Chicago, 770 miles, that can IJP ausrsnteed !IO per Cent of 
the time for aircraft of different nOrnI3l cruising speeds. Allowance made for head and cruss winds: no dlowance 
made for scrvice stops or chengc iu timc. 

amount of delay due to wind which would be encountered 
during any proportion of the remaining 30 per cent of 
the trips may be similarly read froni the curve. During 
30 per cent of tlie trips the curve indicates that there 
would be a favoring wind on west-bound flights. Tlie 
esact amount which the airs eecl of the aircraft can be 
reduced, and still arrive wit E in 13 hours, can be read 

FIG. 5. Curve showin schedules for flight from Chicago to New York 
770 miles, that can %e guaranteed 90 per cent of the time for aircrafi 
of different normal cruising s eeds. Allowance made for head and 
cross winds; no allowance male  for service stops or change in time. 

from the curve, thereby determining the amount of 
fuel which may be saved by running the engines throttled. 
Similar calculations may be made for eastlbound flights 
and for aircraft of different cruising speeds, or for dif- 
ferent lengths of routes. 

out strikin ly several features already 
referred to in 
interest: 

Figure 7 brin 
text, of wiich f t h e e  are of particular 

consistently lower by two or three miles than that 
decluccd from eastbound flights. This is exactly what 
would be anticipated, as esplained in the text following 
Table 3. Tlie point where the wind curve passes from 
west to east is especially interesting; kite and balloon 
records show this t,o be at  70 per cent (see text followin 

west winds n sniall fraction of the tinie by flyi 0 at a 
lower nltit.ude and thus pass froin tlie region P o west 
winds to east at  the point G7 per cent (see Figure 2); 
eastbound flights frolong the region of westbound, 
favoring winds slig idly by flying a t  a higher altitude 
and thus pnss froin west to east winds at  73 per cent 
(see figure 3). 

(c) Finally, tho percentage of win& determined from 
kite and balloon records IS in alniost every instance 
slig1it.l-y greater than that deduced from either east or 
westbuund iiiahts. This is esactly what would be ex- 
pected since tfie flying records give tlie resultant effect 
of the winds occurring alone tile route during all the 
Iiours of thc flight, whereas t%e kite and balloon records 
show only the winds over a fised point at the time of 
observations, not what may be denoted as the “inte- 
grated” wind effect. 

It should be noted that figures 3 and 3 showing the 
ground speed of Mail planes on west and east fliglits, 
respectively, can not be used directly to give tlie wind 
percentages of figure 7 until some assumption is made 
as to the actual average airspeed maintained by tlie 
planes when flying a-ainst a strong opposing wind or 
with a strong farorabre wind. This ac.tuid airspeed will 
vary, as alrerdy esplained, from the highest cruisin 

somewhat less than the normal cruising speed when 
flying with an especially favorable wind. The determi- 
nation of this actual average airspeed, within tlie limits 
ment.ioned, for varying wind conditions must be some- 
what em iricd, as no record of the actunl airspeed is 

to be maintained constant throughout an entire fhght. 

Tables 13 and 13); westbound flights are able to avoi f 

speed which tlie plane can maintain, down to a spee 2 

kept by t P le Air Mnil, nor is the airspeed of a plane likely 



134 MONTHLY WEATHER REVIEW. MARCH, 1983 

The evaluation of this “sliifting zero” from the normal 
cruisin airspeed may, however, he made from a hiowl- 

favoring or opposing winds. In the present instance a 
smooth curve has been drawn (not reproduced, however, 
in the published figures) on figures 3 and 3 sralleliiig 

tered are only a &w miles opposing or farorable, and 
passing though the point. where no winds occur-that is, 
where the normal cruising speed equals the plane’s 
resultant ground speed. As opposiw wkds of increasin 
strength are encountered, the airspee3 is increased towar 
the high cruising speed, 110 m. p. 11.; as favorable winds 
of increasing strength are encountered the average air- 
speed is assumed to decrease toward a throttled speed 
of about 85 m. p. h. The esact choice of these airspeeds 
is not important, as any other reasonable assumption in 
fair accord v;ith actual practice would not appreciably 
change the wind values shown in figure 7. The impor- 
tant fact about figure 7 is the remarkable check i t  pre- 

edge o !! the practice of pilots when flying a route with 

the normal cruisine speed line where the win Y s encoun- 

2 

for a period of one year, furnish reliable data for the 
determination of the wind factor, and ( b )  that this factor 
can be known before any flights are made, if free-air wind 
data from observations with kites and balloons are avail- 
able. These data make possible the com utation of result- 

calculated from their direction and speed and from the 
direction of the course and the s eed of the aircraft. 

between New York andchicago occurred on about 15 
per cent of all scheduled days. for the year 

what niore frequently than normal, and furthermore 
that some of the failures were not due to weather, but 
to other causes, such as engine trouble, etc. From these 
considerations it seems safe to conclude that, in an average 
year, with added esperience and with improvements in 
equi ment, landing fields and communication, flights 

the time. 

ant winds, whose averrqge effect on flig % ts can be readily 

5. Failures to complete flig ! ts in both directions 

shows that the weather conditions mere un P avorable some- 
A stud 

coul f; be made in both directions at  least 95 per cent of 

FIG. 6. Curves showing schedules for westward and eastward flight between Ncw Tork and Chicago 770 mllea that 
can bc guaranteed Bo er cant 01 the time Ior aircraft 01 diflrrent normal cruising speeds. Allowancd made Ior’head 
and c w  winds; lor I%our scrvlce stops each way; and for rhange in time. 

sents between westbound and eastbound flights and the 
results of kite and balloon records. 

SUMMARY AND CONCLUSIONS. 

1. From an analysis of the Air Mail records it has been 
found that the wind factor for the route between New 
York and San Francisco is approsimately 7 miles per _ _  
hour from the west. 

3. A more detailed studv of the New York to Chicago 
art of the route gives h o s t  exact1 the same wigd 

3. The altitude of fli lit varies with different condi- 

taken as 1,500 feet above the surface. On this assump- 
tion aerological observations that have been made bv 
means of kites and pilot balloons have been summarized, 
and these indicate a resultant wind very closely agreeing 
with the wind factor determined from the flight records 
themselves, the difference being less than 1 mile per hour. 
This agreement is close, not only in the annual means, 
but is almost e ually ood in those for the four seasons. 

that regular flights in both directions between two points, 

factor as for the entire transcontinent s route. 

tioiis of wind and weat E er, but on the average may be 

4. It follows P i  rom t e three preceding paragraphs (a) 

6. An examination of kite and balloon records shows 
that winds with a west component of 36 m. p. h. or more 
and with an east component of 20 m. p. h. or more each 
occur about 5 per cent of the time. With these data 
and the known cruising speed of the aircrzxft, both normal 
and high, it is possible to deterniine time schedules 
which can be guaranteed on 95 per cent of the total 
number of days on which flight,s are made. Hence, 
including failures due to other causes, it  follows that 
flights can be gutiranteed to arrive on schedule on about 
90 per cent of nll days. Since the wind factor is a 
constant, its importance decreases markedly with in- 
crease in the noiminl cruising speed of the aircraft. With 
the cruising speed less than SO m. p. h. no great advantage 
can be claimed so far as this route is concerned, over 
the excellent railroad service now maintained. The 
wind handicap can rarely, if ever, be evaded by flying 
around high or low pressure areas in order to gain assis- 
tance from favoring winds, since these areas usually 
cover a wide territory, and the gain from winds would 
be more than offset by the greater distance flown, not 
to mention the disadvantages of unfamiliarity with the 
route, lack of landing fields, etc. 
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The results of this analysis, althou h based entirely 
on day-time fli hts, ap ly equally w 8  to night flying. 
There is a sm A P  diurna variation in wind speed at  the 

PERCENTAGE OF TIME WEST WINDS OCCUR 

PERCENTAGE OF TIME EAST WINDS OCCUR 

FIG. 7. Annual percentage occurrence of enst and west winds of different speeds along 
the New York-Chicago route. 

surface, with a minimum at night, but this variation 
low ultitude and at  greater 

At the most, however, 

its interest in aviation is purely academic since it amounts 
to only a small fraction of the total wind escept ‘on com- 
paratively quiet days. In  stormy weather no vnriation 
at  all is apparent. 

7. The results given in this paper are strictly applicable 
only to the Air Mail route between New York and San 
Francisco, mcl particularlv to that portion of it between 
New York rind Chicavo. I t  has been shown that for tshat 
route the kite and %doon records make possible the 
determination of safe o eritting flight schedules. For any 
other route free-air o E servntions made in that region 
should be used. The result,ant wind for the year, and 
for the seasons also if desired, should be resolved into 
coni onents fi.rullel and perpendicular to the course. 

and with proper nllowancc for angle of drift the average 

flight schedules that can be guaranteed any requirec f wind factor can be easily computed. 

percentage of the time, e. g., 95 per cent, the individual 
wind records should be esmined to find out the speed of 
head winds, including the e uivalent component effect 

the time clelayed trips are permissible, e. ., in the 

to south and vice versa, tho components into which the 
winds should be resolved are north and south instead of 
east and west as in the present paper. 

8. The iniportance of meteorology to aviation is 
enerally recovnized. This recognition has as its primary 

%asis the nee$ for information as to weather conditions, 
current and predic,ted. Tlie present study of the Air Mail 
records shows that t.he usefulness of meteorology is not 
thus limited, but, that past data have almost equal value. 
In order to serve eifectirely both purposes there is urgent 
need for material extension in aerological investigations, 
comprisinv a network of stations well distributed and 
covering 31  parts of the country. 

Wit R I Q  these ata and the cruising speed of the aircraft 

of cross winds, that occurs t g. le masimum percentage of 

present case 5 per cent. Thus, if the route is B rom north 

In dcteininin 

WIND DIRECTIONS AND THE ORIENTATION OF SCHOOLHOUSES. 

By RORCOE NUNN, Meteorologist. 

[Wmtber Bureau, Nashrille, Tenn., April 18, 1823.1 

The purpose of this paper is to furnish information t.hat 
may be useful in connection with the orientation, light- 
ing, and ventilation of schoolhouses in tho Southern 
States. 

There is an opinion, more or less prevalent, that it is 
essential in the houthern States to hiwe the windows of 
schoolhouses on the south side, as a rule, in order to catch 
the prevailing breezes in the warm season. Tlie question 
has arisen whether south winds prevail to such an extent 
as to justify such a rule, and whether the most advanta- 
geous arrangements for lighting and sunning schoolrooms 
should be sacrificed to any considerable degree in order to 
secure openings on the south. 

At the su-gestion of Dr. F. B. Dresslar, of the de art- 

for Teachers, and special agent of the United States 
Bureau of Education, the writer undertook to gather 
statistics that would show the revniling winds at various 

in the month  of April, May, June, September, and Octo- 
ber, coverin the.warmest part of the school year. Dr. 
Dresslar ma e an esperimental investi ation of the effects 
of various orientations of a model schoo house on the light- 

ment of heath and sanitation, George Peabody Co s lege 

Weather Bureau stations for t R e hours 8 a. m. to 4 p. m., 

f 2 

ing and sunning of rooms, which showed that windows on 
the west or enst :Ire most advantageous. 

Do southerly winds predominate to such an extent as to 
make it redly important tso have the windows of school- 
rooms on the south side? Or, are the prevalence of 
southerly winds and the advnnta es to be derived from 

ndvantages of better liglitiw and sunning of rooms 
secured with west or east winzows 2 

A condensed table of the wind-direction statistics ob- 
ttkined is given herewith. The table shows the prevailing 
direction from which the wind conies during the hours 
given. When we say the “prevailing” direction is, for 
instance, southwest, we mean that the wind came from 
the southwest oftener than from any other of ei-ht direc- 
tions. Tliis does not mean that it was from &e south- 
west most of t,he time; in fact, a revailing wind, in the 

eighth of 100 per cent of the whole, because the other 
seven directions mic4it have been represented by almost 
one-eight11 each. $or esample : the most frequent wind 
direction at Nashville, bnsed upon records of many years, 
is northwest, but the general average percentage of times 

them so slight 21s tu be ne#igiblc w B ien weighed Rgainst the 

sense here used, might show only s 1; ightly more than one- 


